Introduction

21
In Mandarin Chinese, the high front vowel [i] does not appear after the dental and retroflex Those two sibilants are instead followed by nuclei which are known to be made with the 46 tongue tip/blade. As shown in Figure 1 , X-ray images taken by Zhou & Wu (1963) demonstrate 47 that the tongue tip/blade gesture inherited from the preceding dental and retroflex consonants 48 remains nearly unchanged for the following voiced period. Since the constriction of the tongue 49 tip/blade is more front for the segment after the dentals than after retroflexes, Zhou & Wu 50 (1963) described the former as 'apical front vowel' and the latter as 'apical back vowel'. 1 Lee & Zee (2003) appears to follow a narrow definition of retroflexes that involves the tongue tip curled back toward the post-alveolar region as in some Dravidian languages (Ladefoged & Maddieson 1996) . However, this paper retains the retroflex transcriptions for the following reasons. First, not all retroflex consonants involve extreme displacement of the tongue tip. Rather, the large sublingual cavity due to the raised tongue tip is more likely to be common among retroflex consonants in other languages (Hamann 2003) , and Mandarin retroflexes exhibit this property very clearly. Second, the incompatibility with the high front vowel is one of the common characteristics of the retroflex consonants (Hamann 2003) , and this is indeed the case for Mandarin: there is a co-occurrence restriction between retroflexes and the high front vowel. 2 The sequence [ɕa] was traditionally described as alveolo-palatal [ɕ] followed by diphthongs [ia] as in the Chinese orthographic system Pinyin. However, Ladefoged & Maddieson (1996: 150) posited that 'there is nothing other than a normal transition between the initial consonant and the following vowel'. Since there is no independent evidence that they are diphthongs, this paper follows the analysis of Ladefoged & Maddieson (1996) . Wiese (1997) . 74 Now we consider another competing argument in the field: the apical vowel argument. The present study discusses problems with both approaches and provides evidence for 89 analyzing these segments as approximants. Mandarin which retains the distinction between the retroflex and dental sibilants. She reported 165 no history of speech or hearing disorders. The participant was paid for her time. 
Previous analyses: Syllabic fricatives vs. apical vowels
Materials
167
The stimuli for the ultrasound study included eight disyllabic sequences with ten filler words.
168
The target was the first syllable composed of three fricatives underline marks the target syllable). Table 2 includes the stimuli used in experiment. The edge of the tongue shape in Figure 5 was extracted using EdgeTrack, and was placed in it is lower and less retracted than that of the dental segment. 
Results
Articulatory findings and acoustic implications
287
The current ultrasound study is consistent with the previous X-ray images (Zhou & Wu 1963) 288 in that the dental and retroflex segments have tongue configurations similar to the preceding 289 sibilants. However, it is important to note that the tongue body postures of the two apical 290 segments seen in Figure 8 are inherent to the preceding sibilants; the dental and retroflex 291 sibilants have retracted tongue body with the relative degree of raising (see Figure 7 above).
292
Crucially, this argues against the apical vowel analysis wherein the raised tongue body is taken 293 to be evidence for the vowel property of these segments (C. Cheng 1973 
Procedure
335
The stimuli for the acoustic recording were the same as in the ultrasound study (see Table 2 336 above). The recording procedure also remained mostly the same, except that a list of target 337 words and fillers was presented 10 times in random order, and the subjects were asked to The presence of frication noise in the vocalic period for all six speakers is summarized in 380 Table 3 . Overall, frication noise of the preceding fricatives never spread through the 'entire' 381 periodic segments as it would if they were truly voiced fricatives. Rather, frication noise, if 382 any, was found at the very beginning of the following segments only for some speakers for 383 a very short period. Moreover, this carryover frication noise was also regularly found for the 384 plain alveolo-palatal sequence for those speakers, suggesting that frication noise is likely to 385 be a mere gestural overlap between sibilants and the homorganic apical segments consistent 386 within a speaker. This finding provides evidence against syllabic fricative analyses, which 387 have overestimated the significance of occasional frication noise. the second formant of the apical segments is much lower than that of the high front vowel.
Acoustic results
393
Moreover, F2 of the dental segment is still lower than that of the retroflex. Second, F3 of the 394 retroflex segment is quite low, nearly merging with the second formant.
395
The pattern was confirmed with several speakers. Table 4 412 Table 4 Mean formant values of three female and three male speakers. For both groups, the dental segment shows the lowest F2 value, the retroflex shows the intermediate and the high front vowel the highest. F3 of the retroflex segment is much lower than other segments.
Female Male Without the addition of a sublingual cavity, the front cavity of a dental segment which 441 is inherently short is unlikely to generate any visible formant values. Instead, the long back 442 cavity behind the dental constriction is predicted to create a low F2, which is consistent with 443 the current acoustic study. Moreover, the observed relative F2 values between the dental and 444 retroflex segments receive a straightforward explanation. That is, the dental segment has a 445 longer back cavity than the retroflex, resulting in a lower F2 for the former than the latter.
446
It is worth noting though that the F2 value of the dental approximant might be attributed to 447 the Helmholtz resonator formed between the pharyngeal constriction and the cavity behind it. be more accurate to say that either case is possible, but is subject to a specific articulation of 458 a speaker. In any case, F2 is consistently attributable to the back cavity. 
